onset of the picture. The schematic illuminates the finding that adults and children typically show 11 semantic interference at -165 ms SOA, with little or no semantic interference at +165 ms SOA 12 (Schriefers et al. 1990 ; Damian & Martin 1999; Jerger et al. 2002c ). The explanation for the effect 13 of the SOA is as follows. Semantic interference is hypothesized to occur when the lexical-semantic 14 representations of the picture and semantically-related distractor are co-activated. This co-activation 15 is promoted by presenting the onset of the spoken distractor slightly before the onset of the picture. 16 As depicted in Figure 1b by the grey box, the overlap between the two lexical-semantic entries is 17 greater at -165 ms than at +165 ms. When the distractor begins slightly after the picture (+165 ms 18 SOA), there is no effective co-activation and no interference because the picture's lexical-semantic 19 entry has been selected prior to the distractor's complete lexical-semantic activation. 20 In sum, the current study will investigate effects of semantic relatedness as determined by the 21 semantic and temporal onset relationships between the picture-distractor pairs and by the auditory 22 vs audiovisual modes of the distractors in HI vs normal hearing (NH) groups. Thus we will have a 23 complex factorial design. Below we predict possible results on the multi-modal picture word task in 24
Semantic access by speech page 10 the children with HI from knowledge of the 1) lexical selection by competition hypothesis, 2) 1 competition threshold hypothesis, 3) mode of the distractor, 4) SOA, and 5) semantic capabilities. 2 Table 2 in the Results section condenses these predictions. 3
Predicted Results in HI Group 4
Lexical Selection by Competition Hypothesis. It is possible that the children with HI will show a 5 semantic interference effect (i.e., slower picture naming times for semantically-related than -6 unrelated distractors) comparable to that of the children with NH. This pattern would indicate that 7 lexical selection by competition was present in the HI group and not different from that in the NH the extent that the HI group shows the typical semantic interference effect, the lexical selection by 10 competition hypothesis also predicts that semantic interference will occur at -165 ms SOA, with 11 little or no semantic interference at +165 ms SOA. 12
Competition Threshold Hypothesis Modification. Given that sensorineural HI creates lower 13 fidelity auditory speech (e.g., Moore 1996), the competition threshold hypothesis predicts that the 14 semantically-related distractors in the HI group will produce null effects or semantic facilitation, 15 rather than interference. An important issue raised by this hypothesis is how the addition of visual 16 speech may affect the strength or fidelity of the distractor. 17
Mode of the Distractor. Previous results in the HI group of this study on the multi-modal task 18 with auditory vs audiovisual phonological distractors allow us to predict the influence of the mode 19 (Jerger et al. 2009b ). An analogous phonological interference effect was produced by distractors 20 consisting of onsets conflicting in voicing or in place-of-articulation with the picture (e.g., picture-21 distractor: bus-duck). These results are relevant to our study of semantic interference in that 22 activation of lexical-semantic representations by speech is indirect via phonology (see Figure 1) . 23 These results showed significant phonological interference for the audiovisual conflicting 24
Semantic access by speech page 11 distractors, but not for the auditory conflicting distractors. In other words, adding visual speech 1 created an interference effect, suggesting that visual speech improved the fidelity of the auditory 2 input sufficiently to produce more normalized results. To the extent that the phonological results 3 generalize to semantic results, we predict that the HI group will exhibit semantic interference for the 4 audiovisual mode, but not for the auditory mode. In addition to the fidelity of the distractors, the 5 effects of semantic relatedness may also be influenced by the SOA. 6 SOA. Previous results in a similar HI group of children on the picture word task with auditory 7 only semantically-related distractors and pictures shown on a blank monitor (cross-modal task) 8 allow us to predict how the SOA will influence performance. These results revealed pronounced 9 semantic interference at both the leading and lagging SOAs (Jerger et al. 2002a ). The unusually 10 broad time course of semantic interference in the HI group implied that the lexical semantic stage of 11 processing was abnormally prolonged. These results allow us to predict significant effects of 12 semantic relatedness for the auditory distractors in the HI group at both the leading and lagging 13 In short, our research should yield new insights about semantic access by lower fidelity auditory 8 speech in children with HI and whether visual speech enriches the fidelity of the auditory speech 9 sufficiently to promote more normalized results. Positive results would support an intervention 10 approach that emphasizes hearing and seeing the talker (i.e., lipreading) and suggest a possible 11 disadvantage to an auditory-verbal therapy approach that does not encourage attending to visual 12 speech (e.g., Estabrooks, 2006). Positive results would also support the idea that attending to both 13 auditory and visual speech inputs may allow children to devote more adequate attentional resources 14 to learning and constructing semantic representations that are more typical of children with NH. 15
Methods 16
Participants 17 HI Group. Participants were 31 children with prelingual sensorineural HI (65% boys) ranging in 18 age from 5-0 to 12-2 (M=8-0). The racial distribution was 74% White, 16% Black, 6% Asian, and 19 3% multiracial, with 6% reporting Hispanic ethnicity. Average unaided sensitivity on the better ear 20 at 500, 1000, and 2000 Hz (pure tone average or PTA) was 50.13 dB Hearing Level (HL) 21 (American National Standards Institute, ANSI 2004) and was distributed as follows: ≤ 20 dB 22 (23%), 21-40 dB (16%), 41-60 dB (29%), 61-80 dB (13%), 81-100 dB (6%), and >101 dB (13%). 23 The PTAs in the ≤ 20 dB subgroup did not reflect the hearing loss due to the uneven HLs across the 24 Semantic access by speech page 13 500-4000 Hz range. As an example, unaided sensitivity at the poorest two HLs across 500-4000 Hz 1 in this subgroup averaged 26 dB on the better ear and 35 dB on the poorer ear. In the total group, 2 hearing aids were used by 58% of the children and a cochlear implant or cochlear implant plus 3 hearing aid was used by 19%. Most devices were self adjusting digital aids with the volume control 4 either turned off or non-existent. Participants who wore amplification were tested while wearing 5 their devices. Auditory word recognition (with amplification) was greater than 80% correct in 81% 6 of the children (M=87.34%). The average age at which the children who wore amplification the onset of the picture) or +165 ms (the onset of the distractor was 5 frames after the onset of the 20 picture) (see Figure 1b) . To be consistent with the cross-modal task, we defined a distractor's onset 21 on the basis of its auditory onset. 22
The pictures were coupled to both audiovisual (dynamic face) and auditory (static face) speech 23 distractors. As an example of a stimulus for the audiovisual condition, participants experienced a 24
Semantic access by speech page 15 1000 ms (get-ready) period of the talker's still neutral face and upper chest, followed by an 1 audiovisual utterance of one distractor word and the presentation of one picture on the chest, 2 followed by 1000 ms of the still neutral face and the colored picture. For the auditory condition, 3 participants experienced exactly the same stimulus except the video track was edited to contain only 4 the still neutral face for the entire trial. In addition to the picture word task, a distractor recognition task quantified the children's ability 13 to recognize the spoken words of the picture-word task. The recorded items were presented both 14 auditorily and audiovisually, and the children were instructed to repeat each item. The responses of 15 the HI group were scored by an audiologist who was familiar with each child's consistent 16 mispronunciations, which were not scored as incorrect. Finally, a category knowledge (picture 17 pointing) task quantified the children's ability to recognize the semantically-related item pairs of the 18 picture word task. Children were instructed to find each pair of items out of six pictured alternatives 19 by category membership and name the items (which ones are food, animals, etc). 20
Experimental Instrumentation. The video track of the Quicktime movie file was routed to a 21 high resolution monitor, and the auditory track was routed through a speech audiometer to a 22 loudspeaker. The outer borders of the monitor contained a colorful frame, yielding an effective 23 monitor size of about 36 cm. The monitor and loudspeaker, mounted on an adjustable height table, 24
Semantic access by speech page 16 were directly in front of the child at eye level. Participants named pictures by speaking into a 1 unidirectional microphone mounted on an adjustable stand. The microphone was placed 2 approximately 30 cm from the participant's mouth without blocking his or her view of the monitor. 3
To obtain naming latency, the computer triggered a counter/timer with better than 1 ms resolution at 4 the initiation of a movie file. The timer was stopped by the onset of the participant's naming 5 response into the microphone, which was fed through a stereo mixing console amplifier and 1 dB 6 step attenuator to a voice-operated relay (VOR). A pulse from the VOR stopped the timing board 7 via a data module board. The counter timer values were corrected by the amount of silence in each 8 movie file before the onset of the picture. We verified that the VOR was not triggered by the 9
distractors. 10
Procedure 11
Participants were tested in two sessions, one for auditory testing and one for audiovisual testing. 12
For the HI group, the first session was always the audiovisual mode because pilot results indicated 13 better recognition of the auditory distractors when the children had previously undergone 14 audiovisual testing. For the NH group, the first session was counterbalanced across participants 15 according to modality. The sessions were separated by about 13 days for the NH group and 5 days 16 for the HI group. Prior to beginning, a tester showed each picture on a 5" x 5" card, asking children 17 to name the picture and teaching them the target names of any pictures named incorrectly. Next the 18 tester flashed some picture cards quickly and modeled speeded naming. The child copied the tester 19 for another few pictures. Speeded naming practice continued until the child was naming the pictures 20
fluently. 21
The children sat at a child-sized table with a co-tester alongside to keep them on task. number of trials deleted with replacement averaged about 2.5 in both the NH and HI groups (range 1 = 0-6). The number of missing trials remaining at the end because the replacement trial was also 2 flawed averaged about 0.6 in both groups (range = 0-3). 3
To control for mishearing a distractor and for categorical knowledge deficiencies, we deleted all 4 trials containing items that were not correct on 1) the distractor repetition task or 2) the category 5 knowledge test. This constraint did not require any deletions in the NH group. In the HI group, 6 performance on the distractor repetition task (N=14) averaged about 13.3 items correct for both the 7 audiovisual and auditory modes, requiring the deletion of about 0.7 items/child (range = 0-4). 8
Performance on the category knowledge task for the pictures and distractors (N=21) averaged about 9 20.9 items correct in the HI group, with two children requiring the deletion of 1 item each. Overall 10 out of a total of 14 picture-word pairs or trials, the naming times considered below were based, on 11 average, on 13.5 pairs for children in the NH group and 12.8 pairs for children in the HI group. (Table 1) . 18 We have a complex factorial design with one between-participants factor (Group: NH vs HI) and If we generalize the competition threshold hypothesis to our study, it suggests that the poorer 21 fidelity auditory semantically-related (relative to -unrelated) distractors will produce no effect or 22 semantic facilitation, rather than interference, on picture word tasks. Our results for the auditory Table   Table 2 . Predicted results in the children with HI from knowledge of the 1) lexical selection by competition hypothesis and 2) competition threshold hypothesis and from previous results for the 3) mode of the distractor, 4) SOA, and 5) semantic capabilities. 
